Abstract Atomic and molecular cluster ions have been generated by fission fragment induced desorption and then accelerated to keV energies for use as projectiles inducing secondary ion emission. Time of flight mass spectra of positive secondary ions emitted from LiF are presented which show possible chemical effects in the desorption process. Although experimental verification of enhanced secondary ion yields remain to be completed, the potential benefits of using this type of cluster ion source are apparent.
Introduction
During the past few years there has been an increasing interest in the chemistry and physics of cluster induced secondary ion emission. The energies of the clusters range from keV's to MeV's. The motivation for these studies is application and understanding of the enhanced secondary ion yields observed for both fast and slow incident cluster ions. Fast ions are those which have velocities greater than the Bohr velocity ( Y , = 0.22 cmlnsec) whereas slow ions refer to those with velocities well below v,.
The increased yields using clusters, as compared with single atom ions at the same velocity, persist independent of the velocity range/1,2,3/. The nature of the clusters include polyatomic hydrocarbons, metal dirners and trirners, and very large hydrogen clusters.
An important aspect in the study of cluster induced desorption is the ability to generate and control clusters of well defined composition and energy. In practice, the clusters are typically in an ionized state prior to interaction with the surface. The two most common methods of producing beams of slow cluster ions are adiabatic expansion of a vapor into a vacuum after which the neutral clusters are ionized (usually by electrons) and direct formation of cluster ions by laser induced desorption of a solid sample/4/. In addition, electron impact/5/ and cold cathode161 ionization sources have been used. It would be desirable, however, to have a single ion source which is fle&le enough to provide a variety of cluster ion types for use as primary projectiles. The purpose of this paper is to report on some preliminary results obtained using MeV, heavy ion induced desorption as a means of producing slow organic and inorganic cluster ions which are then used as projectiles.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1989216
Experimental
The schematic of the experimental arrangement is shown in Figure 1 and is analogous to that used by I<amenski, et a1./7/ for comparing fission fragment and keV single atom ion desorption. The set-up .is a modification of a standard particle desorption mass spectrometer (PDMS)/8/ consisting of a 2 5 2~f fission fragment source, a "start" detector, a target, a field-free region, and a "stop" detector. The associated electronics determine the time differences between the arrival of one of the complementary fission fragments at the start detector and the arrival of desorbed target ions at the stop detector, thereby allowing mass analysis. By replacing the stop detector in this standard set-up with a sample surface at 45 degrees and adding a second field free region (with the stop detector now at its end), one now observes ion emission from the sample due to impact by species desorbed by the fission fragment. We refer to the source of clust.er ions as "source", the surface at which the cluster ions strike as "sample" and the ions desorbed by keV atomic and cluster primary ions as "secondary" ions.
Experiments were performed at 2x10-~ torr in a vacuum system having a base ptessure of 5x10-~ torr. The target used was either a LiF(200) single crystal or LiF vapor deposited on a Ni foil. The cluster sources were polystyrene, NaC1, CsC1, and CaF2, on aluminized mylar. Total primary ion (i.e. cluster and atomic ion) flux on the sample surface was 1-100 ions per second giving acquisition times which ranged & o m several to over 12 hours. Because the (time) correlation of detected positive secondary ions is with the fission fragment induced desorption process in the source, the resulting mass spectrum is a convolution of each spectrum from the sample due to each impact by a primary ion (which is just one in a train of ions from the ion source). That is, the location of any peak in this "total" mass spectrum is the result of the sum of two different flight times: that of the primary ion along the first field region and that of the secondary ion along the second field free leg. For peak assignment, the fight times of the secondary ions (as observed in a separately calibrated spectrum of the sample) are added to the flight times of the primary ions. This results in an estimate of the total flight t h e for a number of primary ion/secondary ion combinations. By then matching these estimated total flight times with the those associated with the peaks in the 'Ltotal" mass spectrum, peak assignment is achieved. The assignment can then be verified by changing the accelerating voltages in the mass spectrometer and monitoring the changes in peak positions. Where ambiguity occurs, the peak is either labelled with two or more sources (if more than one combination of primary and secondary ion is contributing) or is left unassigned (if no apparent combination contributes to the peak.)
Results a n d Discussion
Classification and Properties of PDMS Clusters as Projectiles
Cluster ions produced by heavy ion bombardment of a solid (in this case, by 252Cf fission fragments) can be of several different types but are generally in the form of ionized heteroclusters. These consist of one or more atoms (or molecules) with an atom and/or an electron removed (or a proton attached) in the case of a positive cluster, or with an atom removed and an electron attached in the case of a negative cluster. The type a1 clusters observed are of the form (MX)Mt or (MX)X-for alkalihalides, (MX2)*%Xt and (MX,)?X-alkaline earth-halides, and (M+H)t or (M-H)-(plus fragment ions generally of the type C:'-and C,H:*-) for organic, hydrocarbon based (bio)molecules. Quasi-molecular h e r ions and complex ions (for example (H20),HS/9/ and organic dyes/lO/) are also observed. Of course, the two most commonly observed simple cluster ions in the PDMS technique are H$ and H,S/9/.
Because of the +bundance of different types of clusters which can be generated via plasma desorption, a knowledge of their basic differences becomes important for their use as projectiles. The &st important cvnsideration for use of a cluster as a projectile is its binding energy. Consequently, molecular and fragment ions are referred to a3 clusters since their translational energies as projectiles, ZlkeV in this work, are orders of magnitude larger than their binding energies, typically a few eV's/4/. In this sense, the binding energy is unimportant. However, it is important if the cluster is to remain intact until impact with the target. At the other extreme of very low impact energies (on the order of 10's and 100's of eV's) the binding energy becomes an increasingly larger portion of the total energy available upon collision and is again of some importance.
Employing the classification given by Mark/4/, of the clusters which are commonly seen with the PDMS technique all of them (except quasi-molecular dirners) are either ionic clusters with average (neutral) ionic bond energies of about 2 to 4 eV or valence clusters having conventional chemical bond energies of about 1 to 4 eV. Typically not seen with PDMS are van der Waals, molecular, and hydrogen-bonded clusters because of their low average binding energies ( l e v maximum) and metallic clusters because of the electronic nature of the desorption process.
The second potentially important factor, considering the actual impact and desorption process being induced, is the number of constituent atoms per cluster ion. The number of particles per cluster for a hydrocarbon molecular ion versus an alkali-halide cluster at the same approximate mass can easily be larger by-an order of magnitude.
If coherence effects are present for desorption induced by slow ions, as has been experimentally suggested for fast clusters/2/ and those with velocities around v , / l / , then the ability to control and vary the particle number via cluster type would be useful.
Valence Clusters as Projectiles
Valence clusters have some interesting possibilities as desorption projectiles since, as noted, both high mass, intact quasimolecular ions and lower mass, simple carbon clusters or hydrocarbon fragments are easily produced by electronic energy deposition in an insulating material. For example, a good source of positive and negative C, and C,H, ions is a polystyrene solution spun cast on aluminized mylar and then exposed to fission fragments. The trend for the negative carbon cluster ions follows the well known odd-even abundance rule established for carbon clusters obtained with laser desorption methods/ll,l2/ which shows relative maxima at n-even. However, for positive carbon clusters, there is no well defined odd-even trend. This is not expected if stability and electronic structure are considered/l3/ and consequently, it is unclear as to what controls their formation. However, in the context of using the clusters as desorption probes the mechanism of cluster formation is not so much the issue as are the clues as to whether or not the species will be stable enough to stay intact until collision. The best approach would be to understand what fraction of the species of interest is metastable, as has been demonstrated with the time-of-flight technique/l4,15/.
The positive ion desorption spectrum of LiF due to bombarding negative ion species from polystyrene is shown in Figure 2 . The secondary ion emission of Lit due to impact at 2 keV of the first several C,H-and C, clusters can be seen to the left of ' a. 00 CHANNELS + 10 ' Figure 2 . Positive ion desorption spectrum of LiF due to incident negative carbon and hydrocarbon clusters at 2keV impact energy. the large, broad "high background" area which dominates the spectrum. This high intensity background area is probably due to LiF desorption by higher mass (and poorly resolved) C, and C,H-species (n>8), decayed metastables, and uncorrelated electrons and ions. Desorption induced by the high energy electrons can also be seen. The fact that discernable peaks are present in the spectra at bombarding energies as low as 2keV and that no sharp threshold for peak appearance was noted suggests the possibility of chemical effects at work in the desorption process/l6/.
Ionic Clusters as Projectiles
The formation of ionic clusters, in particular alkali-halides, with the PDMS technique is well documented (see, for example, 1171.) Positive ion spectra fiom an LiF(200) single crystal with CsCl and NaCl as sources for clusters are shown in Figure  3 . The high background region is again present; however the appearance of cluster and atomic ion induced peaks in the spectrum is apparent. An interesting observation is the presence of some peaks which are assignable only if one assumes a desorption product which is a Li cluster containing an element which is also a component of the bombarding species. See for example the (LiF)CsS peak in Figure 3a . The two possible ways which this could occur are either ejection of a preformed (LiF)Cs+ species which already exists on the surface or incorporation of one of the incident Cs atoms upon collision of the cluster with the surface. Given the very low total fluence on the sample and the bombarding conditions, the of the latter ocurring may not be so remote. For the CsCl spectrum, the bombarding energy is 4 keV and the impact angle is 75 degrees from the surface normal. The bombarding conditions in the NaCl spectrum give an impact energy of 7.6 keV and an impact angle of 60 degrees.
A second type of source for ionic clusters is calcium floride. The CaF2 induced desorption spectrum of LiF is shown in Figure 4 . For this spectrum, the impact energy of the primary ions was 2 keV and the impact angle was 75 degrees. There is an abundance of peaks in the entire mass spectrum (not shown), many of which could not be assigned due to uncertainty. However, the presence of ~i~ ~e a k s due to the major CaF species is apparent. A more sophisticated experimental approach will be required to elucidate the other peaks in the spectrum.
Although it is true that the binding energy of LiF is rather low, as in the case with the hydrocarbon species no apparent sharp thresholds for the onset of sputtering were observed with any of the three sources of ionic clusters. This, coupled with the number of distinct, positive ion peaks for the incident ionic species (with some incorporating projectile species) tends to suggest the possibility of chemical effects in the collision/desorption process.
Because positive secondary ion spectra were acquired, the number of incident primary ions per secondary ion peak could not be determined. For generating quantitative yield measurements of positive secondary ions, a true start signal (possibly from light emission upon impact of the cluster) is necessary. Of course negative ion yields should be measurable by using electrons as the start signal, as has been shown/2/. This would allow the experiment to be performed in an event-by-event fashion. 
Conclusion
The feasibility of performing a SIMS experiment/analysis with clusters generated by fission fragment induced desorption is demonstrated with the first spectra presented here. The ion source described is simple, yet produces a variety of atomic, molecular and cluster ions. Moreover, different projectiles causing secondary ion emission can be compared simultaneously without changing the experimental conditions. The use of a laser in the cluster ion source using the same approach could have some advantages.
Many of the positive secondary ion spectra have an abundance of well defined peaks indicating the potentially large gain in information by using a variety of primary ions. Peak assignment, however, (using the method described) becomes prohibitively complex for ion sources and samples with more than just a few major mass l i e s . This points out the necessity of knowing when th'e primary ion/sample surface cbllision occurs. Once this is accomplished, the tailoring of the cluster in terms of size and translational energy, coupled with the ease of directing and focusing keV projectiles, could be well suited to applications in microanalysis.
